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(54) PROJECTION ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection aligner, 
which ensures a low-oxygen concentration exposure 
environment by using small quantities of energy and inert gas, 
has high wafer treating capacity, and corresponds to a 
vacuum-ultraviolet exposure region. 

SOLUTION: This projection aligner is provided with a wafer 
pre-cleanroom for receiving and delivering wafers from and 
to the outside and a photomask pre-cleanroom for receiving 
and delivering photomasks from and to the outside. Each 
pre-cleanroom is provided with a load-lock chamber which 
partitions the pre-cleanroom from the body section of the 
aligner which includes a wafer stage and a mask stage and a 
facility for exhausting the pre-cleanroom and introducing the 
inert gas to the pre-cleanroom. The body section is provided 
with an oxygen-absorbing material, which reduces the oxygen 
concentration in the atmosphere of the main body through an 
oxidation reaction. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The light source, an illumination-light study system, a mask stage, a projection optical 
system, a wafer stage, It has a stage control drive system, a light exposure control system, a wafer 
conveyance system, and a mask conveyance system. In the projection aligner which irradiates the 
light of the light source through an illumination system at the photo mask laid on the mask stage, and 
exposes the light to the wafer laid on the wafer stage through the projection optical system It has a 
photo-mask plenum chamber for delivering the wafer plenum chamber, the equipment exterior, and 
the photo mask for delivering the equipment exterior and a wafer. The above-mentioned wafer 
plenum chamber and a photo-mask plenum chamber are a projection aligner characterized by the 
oxygen adsorption material which it has [ material ] the device by which a septum is carried out to 
the exposure body section including a wafer stage and a mask stage, and makes said exposure body 
section reduce the concentration of ambient atmosphere oxygen by oxidation reaction possessing. 
[Claim 2] The projection aligner characterized by said oxidation reaction being metaled oxidation 
reaction in the projection aligner according to claim 1. 

[Claim 3] The projection aligner characterized by using the high molecular compound which has a 
polyhydric phenol in a frame as surrounding oxygen adsorption material of a wafer stage in a 
projection aligner according to claim 1. 

[Claim 4] The projection aligner characterized by using light with a wavelength of less than 200nm as 
an exposure light in the projection aligner according to claim 1. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates especially to exposure optical system at a technique 
effective in the handling of a mask when a nitrogen purge is required, or a wafer about the projection 
equipment used for the pattern imprint of semiconductor integrated circuit equipment (LSI) etc. 
[0002] 

[Description of the Prior Art] In manufacture of semiconductor integrated circuit equipment (LSI), a 
lithography technique is used as an approach of forming a detailed pattern on a semi-conductor 
wafer. The optical projection exposure approach which imprints the pattern currently formed on the 
photo mask on a semi-conductor wafer through a cutback projection optical system as this 
lithography technique is in use. 

[0003] This is an approach using the projection aligner which consists of the optical path 2 and 
diffuser 3 to which the light 1 emitted from the light source as shown in drawing 3 is led, the lighting 
drawing 4, the illumination-light study systems (condensing lens etc.) 5-7, a mask stage 9, a 
projection optical system 11, and wafer stage 13 grade. A mask 8 is laid on a mask stage 9, a wafer 
12 is laid on the wafer stage 13, respectively, and the pattern on a mask is imprinted on a wafer. A 
mask 8 is suitably exchanged according to the class of pattern. 

[0004] Generally the resolution R in such a projection exposing method is expressed by 
R=kx!ambda/NA. The wavelength of the illumination light and NA of the constant and lambda for 
which k depends on a resist ingredient or a process here are the numerical aperture of the lens for 
projection exposure. The projection exposure technique using the light source of short wavelength is 
needed more as shown in this relational expression and detailed-ization of a pattern progresses. 
[0005] Manufacture of LSI is performed by the projection aligner using i line (lambda= 365nm) and the 
KrF excimer laser (lambda= 248nm) of a mercury lamp as current and a source of the illumination 
light In order to realize further detailed-ization, the light source of short wavelength is more needed, 
and adoption of ArF excimer laser (lambda= 193nm) or F2 excimer laser (lambda= 157nm) is 
considered. 
[0006] 

[Problem(s) to be Solved by the Invention] If high resolution-ization of optical lithography is aimed at 
and exposure light is short-wavelength-ized even to ArF excimer laser or F2 excimer laser, such 
exposure light will be remarkably decreased in existence of the oxygen contained in atmospheric air. 
When using F2 excimer laser especially, it is required that the allowance oxygen density in an ambient 
atmosphere should be decreased as much as possible. 

[0007] for example, Masaomi Kameyama and the 9th — in "Tablel" of time photoreaction and 
"limitation [ of ArF ] and collection of next-generation lithography lecture summaries" p.of charge 
seminar lectures of electronic lumber 33 (2000), to keep an oxygen density at 1-10 ppm by gas 
purging is made into the requirement. 

[0008] Thus, in the optical lithography using F2 excimer laser, controlling an oxygen density to 10 
ppm or less is called for in alt the optical paths from the light source to a wafer front face through an 
illumination-light study system, a mask, and a projection optical system. 

[0009] Then, the approach of carrying out environmental control according to an individual in the 
condition respectively near seal is proposed the light source and in [ various ] optical system as 
shown in JP.2000-1 33588.A or JP, 2000-091 192.A. By permuting an ambient atmosphere by nitrogen 
in the seal environment, it is going to make the oxygen density below into an allowed value. Moreover, 
it intercepts with the open air as space where the field of the wafer stage in which a semi-conductor 
wafer is laid was also sealed, and the attempt which holds an oxygen density below to an allowed 
value is made. Moreover, or it once puts the wafer which should be exposed into a spare room, it 



makes it a vacua and it also makes the field of a wafer stage into a vacuum, the so-called load lock 
type environmental cure of inert gas, such as nitrogen, permuting and maintaining an oxygen density 
below at an allowed value is considered. 

[0010] However, by the conventional approach, it needed to exhaust and sufficient nitrogen purge 
needed to be carried out until it reached controlling an oxygen density to 10 ppm or less at degree of 
vacuum sufficient by the plenum chamber. This was a problem not only from the problem that a 
throughput is low but from the viewpoint of waste of energy, and buildup of the amount of the gas 
used. 

[0011] The object of this invention makes easy inerting for maintaining the oxygen density of a mask 
periphery below at an allowed value, and is offering the projection aligner which realizes short- 
wavelength-ized optical lithography. 
[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in this 
invention, it has the so-called load lock mechanism which carries out the septum of the photo-mask 
plenum chamber for delivering the wafer plenum chamber, the equipment exterior, and the photo 
mask for delivering the equipment exterior and a wafer to the exposure body section including a 
wafer stage and a mask stage, and the exposure body section is equipped with the oxygen adsorption 
material which reduces the concentration of ambient atmosphere oxygen by oxidation reaction. An 
evacuation facility and an inert gas installation facility are formed in a plenum chamber. Although the 
controlled atmosphere is made to permute by inert gas by the plenum chamber, since the facility 
which oxygen is made to stick to the exposure body section, and is reduced is equipped, even if the 
oxygen density of a plenum chamber is about 20 ppm, a problem does not produce it in exposure. 
Therefore, the amount of evacuation and the amount of inert gas purges can be stopped. 
[0013] That is, it is made a vacuum and the oxygen density of an optical path is more efficiently 
controlled by this approach below to a predetermined value by having the device in which oxygen is 
made to adsorb by the chemical reaction in addition to the method of reducing an oxygen density 
physically that inert gas permutes. As a device in which the oxygen of this invention is adsorbed, 
oxidation reaction of iron, an ascorbic acid, a catechol, unsaturated fatty acid, etc. can be used. 
[0014] 

[Embodiment of the Invention] (Example 1) Dr awin g 1 is drawing showing the configuration of the 
equipment which carries out this invention. The optical path which draws the light 1 emitted from F2 
excimer laser (not shown), the light source converging section 4, the illumination-light study systems 
5-7, and the projection lens 11 are connected with nitrogen cycle equipment, and nitrogen enclosure 
is carried out and they are controlled to set an oxygen density to 10 ppm or less according to an 
individual. Moreover, it has led to the nitrogen purge means 120 at the mask loading room 107, and 
fills up with the nitrogen of atmospheric pressure. And the oxygen density is controlled by the mask 
loading room 1 07 independently of other optical-system members. The oxygen density here is 
supervised with the monitor 108. 

[0015] The exposure light 1 illuminates a mask 8 through the light source converging section 4 or 
condensing lenses 5-7, and the pattern currently drawn on the mask 8 is imprinted on a wafer 12 in 
the image formation operation with the projection lens 11. 

[0016] A mask 8 is prepared for the mask plenum chamber 104 which separates a bulb 101 from the 
mask loading room 107, and adjoins before laying it in a mask stage 9. Although the pellicle was stuck 
conventionally like the mask, by drawing 1 , the mask 8 omitted the pellicle and showed only the mask 
substrate. The exhaust air facility 103 and the nitrogen installation facility 105 have led to this mask 
plenum chamber 104, exhaust air and nitrogen installation are performed and the mask plenum 
chamber is usually filled with nitrogen. Carrying in of a mask 8 permutes by nitrogen the air which 
enters using the exhaust air facility 103 and the nitrogen installation facility 105 at the time of 
carrying in. 

[0017] When an oxygen density is set to 15 ppm or less with the oxygen density monitor 106 next, a 
bulb 101 is opened, and a mask 8 is laid on a mask stage 9. The mask loading interior of a room is 
equipped with the oxygen adsorption material 109 which adsorbs oxygen chemically, and the oxygen 
density is always kept at 10 ppm or less. 

[0018] According to the above process, the mask was able to be laid in the mask stage, keeping an 
oxygen density at 10 ppm or less. 

[0019] On the other hand, the semi-conductor wafer 12 is carried in the wafer stage 13 in the 
exposure room 116 which can carry out environmental control according to an individual. The semi- 
conductor wafer 12 precedes laying in the wafer stage 13, and is prepared for the spare room (wafer 
plenum chamber) 114 which separates a bulb 110 from the exposure room 116, and adjoins. 



[0020] The exhaust air facility 115 and the nitrogen installation facility 112 have led to the above- 
mentioned spare room 114, If a wafer 12 is carried in to a spare room 114, the exhaust air facility 115 
and the nitrogen installation facility 112 will perform exhaust air and nitrogen restoration, and a 
nitrogen purge will be performed. When it judges that the oxygen density was set to 15 ppm or less 
with the oxygen density monitor 111 next, a bulb 110 is opened, and a wafer 113 is laid on the wafer 
stage 13 in the exposure room 116. 

[0021] In the exposure room 116, it has the nitrogen purge means 118 and the deoxidant 119 which 
adsorbs oxygen chemically, and the oxygen density is always kept at 10 ppm or less. Moreover, it is 
managed by the oxygen density monitor 117. 

[0022] According to the above process, the wafer 12 was able to be laid in the wafer stage 13 of the 
exposure room 116, keeping an oxygen density at 10 ppm or less. 

[0023] After positioning a mask and a wafer in a predetermined location by the usual approach, the 
mask pattern was imprinted on the wafer. The flow of an imprint is shown in drawing 2 . At a process 
25, a mask is prepared from a process 20, and it lays on a mask stage. When starting a pattern 
imprint to a new wafer in the condition that the mask is already laid, the process for which this mask 
is prepared is skipped. According to the process 26, the oxygen density of a mask loading room was 
checked again. On the other hand, the wafer used as an exposed substrate was conveyed in the 
exposure room through the process 33 from the process 30. 

[0024] Since the exposure room in which the wafer stage is established was filled up with nitrogen, 
the wafer was first put into the exposure spare room under the usual atmospheric environment, then 
the nitrogen purge of the spare room was carried out, and after checking ** from which the oxygen 
density was set to 1 5 ppm or less, the wafer was conveyed from the spare room to the exposure 
interior of a room. 

[0025] Processes 27 and 28 are pattern imprint processes to the same wafer as usual. That is, a 
mask 8 is positioned by the mask stage driving means 10, a wafer 12 is moved or positioned by the 
wafer stage driving means 14, respectively, and a pattern is imprinted all over a wafer with stepping 
or a synchronous scan on the radical of directions of a control system 16. Especially a wafer location 
is measured by accuracy with a laser interferometer 15. Moreover, the grasp of a data input required 
for exposure or an exposure condition by the operator was made to be performed through the 
interface 17. 

[0026] After the pattern imprint to one wafer is completed, the wafer is discharged and the wafer 
currently prepared for the next is conveyed on a wafer stage. As handling, processes 30-33 are good, 
and two or more sheets may be summarized and they may deal with one wafer at a time. When 
dealing with one wafer at a time, it enabled it to make the pattern imprint by the process 28, and 
preparations of the wafer by processes 30-33 in parallel. 

[0027] The oxygen density within ! all ] exposure optical system was able to be kept at 10 ppm or 
less which is an allowed value by the above, exchange of a mask was also able to be enabled, and the 
pattern imprint was able to be performed. Therefore, the detailed gate pattern 41 and the high 
density circuit pattern 42 of 0.1 -micrometer order as shown in drawing 4 were able to be formed with 
a sufficient precision with the aligner which makes the light source F2 laser (wavelength = 157nm). 
[0028] Here, although explanation of the above-mentioned example mainly showed the example of a 
nitrogen purge, the permutation of inert gas, such as an argon, helium, and neon, is also effective 
instead of nitrogen. Especially in the case of helium, since the refractive-index change to a 
temperature change is sufficiently small, there is the description that location measurement of a 
mask or a wafer can be performed with a sufficient precision using an interference light These inert 
gas uses it, circulating fundamentally. 

[0029] although reducibility iron powder was used as a deoxidant in this example, it uses for this 
invention — as a device in which oxygen is adsorbed by the chemical reaction, all the things of a 
deoxidant and the solid-state currently used can be used. Usually, the thing of reducibility is 
desirable and the metal powder which has reducibility as the suitable example, for example, 
reducibility iron, reducibility zinc, reducibility tin powder and the metal lower order oxide of 
oxidization, for example, the 1st iron, a tri-iron tetraoxide, and the thing that used as the principal 
component further one sort or the things which were combined, such as reducibility metallic- 
compounds, for example, cementite, silicon iron, iron-carbonyl, and iron-hydroxide;, are mentioned. 
These can also be used combining the hydroxide of alkali metal and an alkaline earth metal, a 
carbonate, a sulfite, a thiosulfate, the 3rd phosphate, the 2nd phosphate, an organic-acid salt, a 
halogenide, and an assistant still like activated carbon, an activated alumina, and the activated clay if 
needed. 

[0030] Moreover, the high molecular compound which has a polyhydric phenol in a frame, for example, 



polyhydric-phenol content phenolplast etc., is mentioned. Furthermore, an ascorbic acid, erythorbic 
acid, hydroxycarboxylic acid, or those salts are mentioned. These high molecular compounds and 
acids were effective as oxygen adsorption material treating especially a wafer for exposure rooms in 
order not to bring metal contamination to a wafer process. 
[0031] 

[Effect of the Invention] Since it is possible to lower an oxygen density within an exposure 
environment according to this invention, a conventional method does not need to lower the oxygen 
density in the case of mask exchange or wafer exchange. Therefore, it becomes possible to be able 
to shorten the time amount which those exchange takes, and to reduce the amount of the gas used 
and energy consumption required for a gas exchange. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the configuration of the aligner of one example of this 
invention. 

[Drawing 2] Flow drawing of the exposure approach of one example of this invention. 

[Drawing 3] The block diagram showing the example of a configuration of the conventional aligner. 

[Drawing 4] The sectional view of a semiconductor device. 

[Description of Notations] 

1 [ -- Mask, ] — The illumination light, 4 — Lighting drawing, 7 — A condensing lens, 8,102 9 [ — A 
wafer stage, 101,110/ — Bulb,] — A mask stage, 11 -- A cutback projection lens, 12 — A wafer, 13 
103,1 15 — An exhaust air facility, 104 — A mask plenum chamber, 107 — Mask loading room, 
106,108,111,117 — An oxygen density monitor, 116 — Exposure room, 114 [ — A mask stage drive, 
14 / — A wafer stage drive, 15 / — A laser interferometer, 16 / — A control system, 17 / — 
Interface. ] — An exposure anteroom, 1 05,1 1 2,1 18,1 20 — A nitrogen installation facility, 109,1 19 — A 
deoxidizer, 10 
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DRAWINGS 



[Drawing 4] 
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-wm&TF^tctiK mm?>i A tt><9i-T;i'=t>, — y? 

[0 0 2 9] *SllfiWCW:iJt»3t{»Ji: LTi§7&t£©;S|ft£ 
«jtli315Ett«c, S5£ttSf a \ ^mffifi^ 

juts-*, mx-temtm. m*^-^. * 

^-3j-«ttS»«, 13!) ^2 y vSMfi, 



ta, ^nyyftft, «ttr^s^ Stt 

So 

[0 0 3 0] *fc, '^flfi^a:/— /HS:#«rtK*rSi« 
zi^t K»*«**rf ens. r^=;n:-y 

ft, xy//H?V», t KB*5/*A'S?VlJi)5V>ttt 
[0 0 3 1 ] 

[HfficO^*/itft0J5] 

[B 1 ] **M©-SI*«©«3tSS«W«J«'Sr^^B 
y*H. • 
[13 2] ^WO— SIJte09K)B3t*jSfe<P7B-gi o 
[1213] ^OTB^ffiwW^JSr^-ryns/^a 
[14] ¥«tt£n<OBriEBI. 
[«F»<Ol8W] 

1 — l»M3tx 7- -ai^VfrUVX. 

8, 9-— ^^-t^— ^, 1 
&i2U>-X, 1 2-?3i^ 1 3- -^^^-vs 1 
0 1, 110-/W, 10 3, 1 1 '5— #5URfl6, 1 
0 10 6, 1 

0 8, 111, 1 1 7 -mm&& ; £~?— , 116-8 

i i 105, 112, us, 

]2o-ti»Asi, 109, 1 1 9-mmmm, 1 
o-^xtxy— ismmmm, 1 4-*^;*^-^ 
mmm, 1 5-u-fm le-wtvx. 
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